. The apparent digestibility of each diet decreased when that diet was infused into the duodenum at the gastric emptying rate of its protein (slow infusion of the control diet, quick infusion of the fish diet) (table 2) ; infusion at a higher rate (quick infusion of the control diet) increased this effect, while infusion at a lower rate (slow infusion of the fish diet) suppressed it. This decrease in apparent digestibility was more marked for lipid and minerals than for protein.
Summary. Substituting the skim-milk in milk replacers by other sources of protein increases the rate at which lipid and protein are emptied from the stomach. As a result, the digestive and metabolic utilization of these components might be unfavorably affected due to their more brief contact with abomasal digestive secretions and to their massive arrival in the duodenum. The aim of this experiment was to study the respective effects of the latter two factors.
Seven preruminant calves, fitted with a catheter in the proximal duodenum, were given two diets having very different kinetics in respect to gastric emptying. The protein in these diets was supplied either almost solely by skim-milk powder (control feed) or mainly by a partially hydrolysed white fish concentrate (fish feed) (table 1). The milk replacers were either ingested by the animals or infused slowly or quickly into the.duodenum to simulate previously observed gastric emptying rates (Guilloteau et al., 1975) for protein in two diets similar to those used in the present experiment.
Bypassing the mouth and the abomasum did not seem to have any significant effect on animal health, particularly as far as the frequency of diarrhea was concerned ( fig. 1 ). The apparent digestibility of each diet decreased when that diet was infused into the duodenum at the gastric emptying rate of its protein (slow infusion of the control diet, quick infusion of the fish diet) (table 2) ; infusion at a higher rate (quick infusion of the control diet) increased this effect, while infusion at a lower rate (slow infusion of the fish diet) suppressed it. This decrease in apparent digestibility was more marked for lipid and minerals than for protein.
The slow infusion of the fish diet had little effect on faecal amino acid composition (table 4) . On the other hand, rapid infusion of the control diet seemed to cause a decrease in the relative proportion of microbial protein in favour of some milk protein fractions (serine and glutamic acid-rich phosphopeptides of 1X' 1' ag 2 and caseins).
Introduction.
When the skim-milk in milk replacers for the preruminant calf is substituted by other protein sources, the lipids and proteins are rapidly emptied from the stomach, mainly because coagulation does not occur. The intensity of this increase in the emptying rate depends on the origin of the protein and on its technological treatment (Guilloteau et al., 1975 Ternouth and Roy, 1973) . These changes may unfavorably affect the digestive and metabolic utilization of lipid and protein which have a shorter contact with digestive secretions in the abomasum and arrive massively in the duodenum.
The aim of this experiment was to study the respective effects of the latter two factors, using diets having very different kinetics of gastric emptying and whose arrival in the duodenum could be slowed down or speeded up by infusion with a peristaltic pump. The methodology and the preliminary results of this work have been already published (Guilloteau, Toullec and Patureau-Mirand, 1979 (Guilloteau et al., 1975) for the protein of two diets very similar to those used in the present experiment. The details of this methodology have already been reported (Guilloteau, Toullec and Patureau-Mirand, 1979 Patureau-Mirand etal.,1974) . Protein amino acid compositions were compared by calculating the X 2 distance and by using correspondance analysis (Guilloteau et at., 1980a, b) . Results. Intake, growth, health status. -When given by ingestion, both diets were completely eaten. When gastric emptying was simulated, the true amounts infused were similar to the planned ones (Guilloteau, Toullec and Patureau-Mirand, 1979 fig. 1 ). There were very few days on which the calves had diarrhea. Faecal status did not differ among the ingested diets ; however, when the two diets were infused into the duodenum, faecal dry matter content was lower with the fish diet than with the control diet. There was a much higher frequency of normal status with rapid than with slow infusion.
Effecf of previous treatment. - The results for each animal submitted to at least 2 out of 6 treatments showed no particular influence of the preceding treatment(s).
Digestibility of the diets (table 2).
When the control diet was infused slowly into the duodenum instead of being ingested, its apparent digestibility decreased significantly ; this effect was more marked for lipid, minerals, calcium and phosphorus than for nitrogen. Except for calcium and phosphorus, digestibility was still significantly lower when the diet was infused rapidly.
When the fish diet was infused slowly, its digestibility was notsignificantly modified. As compared to ingestion, rapid infusion caused a significant decrease in the digestibility of lipid, minerals, calcium and phosphorus ; the differences with slow infusion were greater and were all significant.
When ingested, the control diet showed higher digestibility than the fish diet ; the differences were significant for dry matter, nitrogen, minerals, calcium and phosphorus. The situation was the reverse with slow infusion : the digestibility of nitrogen, minerals and phosphorus was then significantly higher with the fish than with the control diet. There was no significant difference between the two diets when they were infused rapidly.
Amount of nitrogen, calcium and phosphorus retained ( (Toullec, Coroller and Patureau-Mirand, 1977) .
Diet-dependent differences were also small, whatever the method of administration since the X 2 values, calculated by comparing the faeces resulting from the control and the fish diets, varied between 25 and 31. Only calf B, rapidly infused with the control diet, showed faeces which deviated from those obtained with the fish diet ( X 2 ranging from 88 to 97).
All these differences were visualized by correspondance analysis ( fig. 2 ) which also showed that the amino acid composition of the faeces more closely resembled that of faecal bacteria than that of the diet or the ileum digesta of the milk-fed calf which are rich in endogenous protein (Guilloteau et al., 1980a) .
Levels of plasma glucose and urea and of blood free amino acids. -Plasma glucose and urea varied little with the treatment ; only the glucose level was lower when the control diet was infused quickly.
Blood free amino acid levels were hardly modified when the control and fish diets were infused slowly or quickly, respectively, instead of being ingested. On the contrary, these levels increased sharply when the control diet was infused rapidly and decreased when the fish diet was infused slowly.
Blood threonine, serine, asparagine, citruline, glycine, alanine, methionine, ornithine and lysine were lower with the control than with the fish diets when they were ingested ; the same was true for the total essential amino acids and for the sum of all the amino acids. When the diets were infused slowly, all blood amino acid levels, except those of glycine, methionine and phenylalanine, were lower with the fish diet. When the diets were infused quickly, the total essential amino acid level and that of all the amino acids were slightly higher with the fish diet ; this was mainly due to threonine, glycine, alanine, methionine, lysine and arginine.
Discussion.
The experimental design used in this study required the use of several classi.cal techniques : duodenal infusion, balance measurements, blood parameters. However, the method of infusing continuously, and not by synchronized bursts, is criticizable because it might modify the digestive processes. Moreover, the characteristics of duodenal digesta (e.g. acidification, dilution) and the neurohumoral regulation afferent to the abomasum and the duodenum (e.g. effect of gastric and duodenal repletion, secretion of digestive hormones) were probably not rigorously respected (Bell, 1979) . Nevertheless, these changes were palliated by the fact that half the water given was ingested normally when the milk-replacer was infused into the duodenum.
Bypassing the mouth and gastric compartments did not seem to have much effect on the health status of the animals, particularly as concerned the frequency of diarrhea ( fig. 1) . On the contrary, faecal dry matter level was higher when the diet was infused.
This may be explained in two ways. First, the duodenal aqueous phase occurs later with slow infusion than with intake ; secondly, the lower digestibility of calcium and lipid, caused by slow or rapid infusion of the control diet and by rapid infusion of the fish diet, might make the faeces more consistent (Paruelle, Toullec and Mathieu, 1973 Calcium retention is regulated in the intestine (Gu6guen and Mathieu, 1962) . Thus, when a calcium-rich diet is given, the apparent digestibility and the percentage of calcium intake which is retained decrease as the calf's age increases (Paruelle, Toullec and Mathieu, 1973) Guilloteau et al.,1980a) . In our experimental conditions, the nature of the protein had less effect than the gastric emptying rate, but probably this would not be so if the protein substitute used was less digestible than that of the hydrolysed fish ; thus, non-hydrolysed fish protein or that of soya concentrates is less digestible than hydrolysed fish protein Toullec et al.,1977) , although its gastric emptying rate is slower (Guilloteau et al.,1975 (Mercier, Grosclaude and Ribadeau-Dumas, 1971 ; Brignon et al., 1977 (Guilloteau et al., 1980b) .
The study of the free amino acid levels in the jugular blood agrees with the observations of Patureau-Mirand et al. (1974) and Toullec and Patureau-Mirand (1979) concerning the nature of dietary protein. Indeed, the differences in the blood levels of some free amino acids (valine, isoleucine, leucine, tyrosine, phenylalanine, histidine, methionine and glycine) reflected differences in feed composition (taking into account supplements). Moreover, blood threonine and lysine levels were higher with the ingested or rapidly infused fish diet than with the rapidly infused control diet ; with slow infusion, these levels were lower with the fish than with the control diet, although they were similar in both diets. This suggests that the metabolic utilization of some essential amino acids may be limited when gastric transit is rapid Toullec and Patureau-Mirand, 1979) but not when it is slow, which would explain the lower performances obtained with substitute protein even when its digestive utilization is high . The resemblance between blood free amino acid levels, obtained when the gastric emptying of each diet was simulated, indicates that this simulation and the kinetics of gastric emptying observed when using calves fitted with duodenal re-entrant cannulae (Guilloteau et al., 1975) , were not far from the reality.
These results agree with the blood kinetics we found for a-amino nitrogen and for lipid after ingestion of the control and fish diets (Toullec, Guilloteau and Coroller, 1979) .
In conclusion, the digestion of protein, and especially of lipid and minerals, as well as the metabolic utilization of amino acids, depends on the length of time these elements stay in the abomasum and the speed at which they arrive in the duodenum. In our experimental conditions, the rate of gastric emptying had more effect than the nature of the protein ; this probably would not be the case with less digestible protein. The rate of gastric emptying likely affects the very young calf more due to lower pancreatic enzyme secretion (Ternouth and Roy, 1973 
